The simple suspension method is a method of administering drugs via a feeding or gastrostomy tube, and it involves allowing tablets or capsules to be disintegrated and suspended in warm water at 55℃ without crushing. The present study evaluated the stability of two prodrugs suspended alone or in combination with an alkaline agent according to the simple suspension method. The study used two ester-prodrugs, acemetacin (AMT) and cefpodoxime proxetil (CPP), which are hydrolyzed at higher pH. Drug concentrations in the suspension were measured by high-performance liquid chromatography. AMT and CPP were not hydrolyzed when suspended alone, but decomposed under alkaline conditions with the addition of magnesium oxide (MgO). The AMT concentration decreased to 55.5％ and 38.9％ at 30 min and 60 min, respectively, whereas its active metabolite, indomethacin (IMT), increased from 0 to 90.7 µg/mL and 122.7 µg/mL at 30 and 60 min, respectively. The CPP concentrations with MgO were decreased to 47.9, 28.5, 20.8 and 12.7％ at 30, 60, 90, and 120 min, respectively. Therefore, AMT and CPP should not be administered in the simple suspension method in combination with an alkaline drug that increases the suspension pH.
Introduction
Many medicines are administered to older patients as suspensions in clinical practice, because it is sometimes dif cult for patients to take medicines orally in the form of tablets and capsules. A common method to prepare such suspensions is to crush tablets and/or capsules and suspend them in water. Another method is to administer drugs in suspension in warm water (55℃), which is called the ＂simple suspension method＂.
1) The simple suspension method is an easy and rapid method for making suspensions of tablets and capsules to be administered via a feeding tube or gastrostomy tube. This new method does not require crushing, and thus can avoid drug exposure to pharmacists and the loss of drug due to adhesion to instruments.
Some previous studies have been reported on the stability of drugs when applied alone to the simple suspension method. [2] [3] [4] [5] [6] [7] [8] In these studies, all medicines tested were shown to be stable in each suspension when applied alone to the simple suspension method. With regard to concomitant suspensions with other medicine, chemical decomposition was observed for L-dopa, 2) aspirin 5) and capecitabine, 8) when suspended with an alkaline drug or under pH-altered conditions. The use of this method has been increasing in Japan, but its application to drugs that are susceptible to chemical hydrolysis, such as prodrugs, remains controversial.
A prodrug is de ned as a pharmacologically inert chemical derivative that can be enzymatically or non-enzymatically converted in vivo to an active drug to exert its therapeutic effect. Prodrugs are developed to accomplish a variety of purposes such as improving drug absorption, avoiding gastrointestinal side effects, or accumulating drug in target sites. 9) For example, some prodrugs of nonsteroidal anti-in ammatory drugs (NSAIDs) can avoid damage to the gastric mucosa through the inhibition of cyclooxygenase-1 (COX-1).
Acemetacin (AMT) is a glycolic acid ester of indomethacin (IMT), a NSAID, and is subjected to a hepatic rst-pass effect after oral administration to generate IMT. 10, 11) The indole moiety is a fundamental constituent for a number of both natural and synthetic compounds with biological activity. AMT may represent a useful alternative to conventional NSAIDs for the treatment of in ammation and pain. 12) Cefpodoxime proxetil (CPP) is an orally administered prodrug that is de-esteri ed by the intestinal mucosa to release cefpodoxime (CP). [13] [14] [15] CPP is stable to most common plasmid-mediated beta-lactamases. This antibiotic has a broad antibacterial spectrum with a potent activity against both Gram-positive and Gram-negative bacteria.
CPP is therefore a good candidate for the treatment of a wide range of community acquired infections. 13) CPP is stable in intestinal juice and phosphate buffer under neutral pH conditions, but unstable under high pH conditions.
16)
The aim of this study was to investigate whether AMT and CPP suspended using the simple suspension method remain intact or is decomposed to their active drugs when suspended with an alkaline agent, magnesium oxide (MgO).
Materials and Methods

Materials
Acemetacin The active metabolite of AMT, IMT, was found to increase in the simple suspension method, indicating that the hydrolysis of AMT was proceeding (Fig. 1B) . The pH of the suspension was 9.5 when AMT and MgO were suspended together but changed to 6.0 after the addition of methanol and phosphate buffer. 
Methods
Discussion
The increased use of the simple suspension method is considered to be advantageous for administering tablets and capsules to patients that cannot intake them safely. Although there is a general notion that ester prodrugs could be hydro- aspirin with MgO or Li2CO3. 5) In some previous studies, the suspension was preliminarily separated into the dissolved and undissolved drugs by centrifugation for the determination of drugs. [3] [4] [5] [6] In this study, however, we did not differentiate the dissolved and undissolved drugs, since the extraction procedure using methanol was performed after sampling from the dispersed suspension at designated times and determined the concentrations of the suspensions. Although the water solubility of AMT and CPP are known to be low, 18, 19) the hydrolysis reaction could be proceeding on the surface of small particles in suspensions.
Moreover, since the generated product is water soluble, the above reaction can be accelerated even if the prodrug itself is not well dissolved in water. In any case, the suspended water-insoluble drugs will be absorbed from the intestine with the aid of bile acids, after administration via a tube.
The AMT concentration decreased, and its active form, IMT, was generated in a time-dependent manner when suspended with MgO, indicat- The CPP concentration without MgO at 5, 10, 19) the initial concentrations of CPP were slightly less than 100％ (Fig. 2) , 
